Hepatic stellate cells (HSCs) play a significant role in hepatic fibrogenesis. In the following study we described the distribution of cells that express alpha-smooth muscle actin (a-SMA) and desmin in the cat liver with various degrees of fibrosis, as well as the significance of hepatic stellate cells and portal myofibroblasts in the genesis of fibrosis in cats with polycistic kidney disease.
INTRODUCTION
The etiopathogenesis of chronic liver diseases in cats and dogs, including fibrosis and cirrhosis, has not been sufficiently clarified. Feline liver fibrosis is caused by many chronic diseases (Kne`evi} et al., 2009; Kurelju{i} et al., 2009; Bataller and Brenner, 2005; Watson, 2004; Center, 1999; Adamus et al., 1997) . In Persian and Persian-cross cats chronic liver disease develops in animals with polycystic kidney disease (PKD). Lymphocytic pericholangitis is often associated with this disease, and occasionally it ends up in hepatic fibrosis (Jovanovi} et al., 2004) .
Liver fibrosis is defined as a detectable deposit of extracellular matrix and it can develop into cirrhosis, characterized by disruption of normal hepatic architecture (Bataller and Brenner, 2005) . Hepatocytes apoptosis and inflammatory cells trigger the secretion of profibrogenic and proinflammatory cytokines (TGF-b1, angiotensin II, leptin), which in turn activate hepatic stellate cells (HSCs), the major source of collagen type I (Eng and Friedman, 2000) . Activated fibroblasts, which develop myofibroblastic characteristics, play an essential role in hepatic fibrogenesis. They comprise 3 subpopulations: 1) portal or septal myofibroblasts, 2) interface myofibroblasts and 3) perisinusoidally located HCSs Kukolj et al., 2009; Moreira, 2007; Friedman, 2000) .
HSCs represent a highly versatile cytotype that play a significant role in liver development and differentiation, regeneration, immunoregulation, control of hepatic blood flow and inflammatory reactions (Zhao and Burt, 2007; Safadi and Friedman, 2000) . Concerning their role in fibrosis and extracellular matrix (ECM) remodelling and that they may produce and secrete a wide panel of molecular intermediates, HSCs are definitely involved in the pathogenesis of various liver diseases. In particular, they can actively contribute to the progression of hepatitis and steatohepatitis of different aetiology, as well as liver carcinogenesis (Moreira, 2007; Friedman, 2000) .
We described the distribution and localization of cells that express alphasmooth muscle actin (a-SMA) and desmin in the liver of cats with various degrees of fibrosis, as well as the significance of HSCs and portal myofibroblasts in the genesis of fibrosis in cats with PKD.
MATERIAL AND METHODS
Liver samples of 15 Persian cats, of different gender, on which autopsies were performed at the Department of Pathology of the Faculty of Veterinary Medicine of the University of Belgrade were examined. The cats were 7-36 months old. The histological criteria for the selection of the examined samples were defined on the basis of criteria reported by Boisclair et al. (2001) . Based on the degree of fibrosis, livers were classified into three groups: 1-mild portal fibrosis; 2 -moderate portal fibrosis with mild periportal and septal fibrosis; 3 -severe portal fibrosis with marked periportal and septal fibrosis or cirrhosis. Normal liver sections obtained from five cats without evidence of infectious, neoplastic, or cardiac disease were used as controls.
Liver samples were fixed in 10% buffered formalin, and, after standard processing in an automated tissue processor, cast in paraffin blocks. Paraffin sections 3-5 mm thick were stained with hematoxylin and eosin and with Masson's trichrome for light microscopic examination.
Three-step indirect immunohistochemical technique was performed. After antigen retrieval and inactivation of endogenous peroxidase, the sections were incubated with appropriate primary antibodies diluted in PBS ( Table 1 ). All rinsing procedures and serum dilutions were done in PBS (pH 7.2). The detection kit was LSAB2 System-HRP, Rabbit/mouse (DAKO, K0675). Reactions were visualized by using DAB+ (DAKO, K3468) and counterstaining with hematoxylin. Smooth muscle cells within the blood vessel wall were used as internal positive controls for a-SMA and desmin.
Liver sections not treated with the primary antibody were used as negative controls. 
Semiquantitive analysis
Semiquantitative scoring for each parameter was performed independently by 2 of the authors. The scoring method applied was based on the system used by Mekonnen et al., 2007 with the modification as described in Table 2 . 
RESULTS

Histopathology
Different hepatic lesions (hepatocellular degeneration, necrosis and inflammation) were observed in all affected cats. Liver cysts were present in 2 of 15 affected cats (13.3%), but in none of the controls. The most common lesion was mild to severe biliary fibrosis and hyperplasia. Liver fibrosis of different degree was present in 14 of 15 affected cats (93.3% - Table 3 ).
Liver sections with mild portal fibrosis (33.3%) showed an increased amount of edematous connective tissue with a small number of mononuclear cells in the portal area (Figure 1) .
Sections with second degree fibrosis (40.0%) were characterized with the presence of connective tissue in the portal area which spreads between hepatocytes of neighboring lobuli (Figure 2 ). Feline livers with third degree fibrosis (20.0%) showed a significantly greater amount of connective tissue compared to the previous group (Figure 3) . Connective tissue septa divide liver parenchyma into lobuli of irregular shape and varying sizes (Figure 4 ). Chronic mononuclear cellular infiltrate, blood vessels with hyalinized wall and a narrowed lumen, a large number of bile ducts and cholestasis were also frequently noticed in abundant connective tissue.
Immunohistochemistry
In all control liver samples, moderately discontinuous reactivity to a-SMA was observed in the spaces of Disse, randomly distributed around the bile ducts and blood vessels and under the Glisson's capsule. Mild positive reaction to desmin was observed in portal blood vessels and some perisinusoidal cells. In the mildest forms of fibrosis a-SMA was expressed in some perisinusoidal cells and cells in connective tissue of portal areas and fibrous septa. In the livers with moderate to severe fibrosis numerous a-SMA positive cells, presumable myofibroblasts, were present in the fibrous septa, and stroma surrounnding regenerative nodules. Mild positive reaction to desmin was restricted to the wall of blood vessels of portal triads and to perisinusoidal cells.
In livers with periportal and septal fibrosis a-SMA was detected in round and spindle-shaped cells around bile ducts and blood vessel walls. Scarce interface stellate cells and perisinusoidal cells with processes showed an intensive positive reaction to a-SMA. Lipid vacuoles were visible in some cells in perisinusoidal position. In fibrous septa a positive reaction to desmin was detected in myofibroblasts and blood vessels, as well as in some perisinusoidal cells at the periphery of lobuli. In livers with severe fibrosis and cirrhosis a-SMA was observed in fibrotic stroma surrounding negatively "stained" regenerative lobuli, as well as in normal lobuli in perisinusoidal cells ( Figure 5 ). Besides the wall of blood vessels of portal triads and myofibroblasts in fibrous septa intensive positive reaction to desmin was observed in oval to spindle-shaped cells in perisinusoidal spaces of normal lobuli ( Figure 6 ).
The intensity of reaction to a-SMA and desmin was in positive correlation with the degree of fibrosis (Table 3) .
DISCUSSION
Hepatic lesions are concomitant with renal lesions in cats with ADPKD (Stebbins, 1989; Eaton et al., 1997) . In humans, the occurrence of hepatic cysts increases with age and severity of disease, as it also appears to do in Persian cats with naturally occurring PKD. An interesting observation reported in this study was the high frequency of hepatobiliary hyperplasia, similar to congenital hepatic fibrosis, in affected cats. In human patients, congenital hepatic fibrosis is most commonly associated with ARPKD, but is also associated with ADPKD, particularly in some families.
The explanation for the differences in hepatic lesions in families is not known, but genetic differences among families may be involved. ADPKD in human beings has been associated with as many as three different chromosomal loci. The gene or genes for ADPKD in cats and their relationship to human genes have not been identified yet (Young et al., 2005) .
Compared to other animal models, the mechanism of development of liver fibrosis is very similar in cats and dogs. The only difference between the two species is the intensity of expression of a-SMA and desmin in particular stages of fibrosis, which is the result of increased activity of myofibroblasts i.e. increased ECM production.
Liver injury results in activation of collagen-producing cells and excessive deposition of ECM proteins. This process is orchestrated by many cell types. Hepatocytes apoptosis and inflammatory cells trigger the secretion of cytokines, such as TGF-b1, angiotensin II, leptin, which in turn activate HSCs, the major source of collagen type I (Eng and Friedman, 2000; Safadi and Friedman, 2002) . Myofibroblasts also play an essential role in hepatic fibrogenesis (Friedman, 2000; Moreira, 2007; Zhao and Burt, 2007) .
During hepatic fibrogenesis in man and rat HSCs increase in number and differentiate into myofibroblast-like cells with a marked expression of a-SMA (Cassiman et al., 2002) . The relatively recent recognition of HSCs as key elements in the development of liver fibrosis led to an unprecedented interest in this cell type (and its activated form) as a prognostic indicator of progression of liver fibrosis, as well as a potential target for therapeutic intervention to prevent the development of cirrhosis (Moreira, 2007; Mekonnen et al., 2007) .
Antibodies to a-SMA and to a lesser extent desmin were proved to be useful markers for myofibroblasts in feline liver fibrosis. In our study inflammatory activity showed a close relation to feline fibrosis. In the normal cat liver a-SMA reactivity was observed in perisinusoidal cells and cells randomly distributed around a few bile ducts and blood vessels and under the Glisson's capsule. Mild positive reaction to desmin was observed in blood vessels of portal areas and some perisinusoidal cells.
Both a-SMA and desmin expression increased as the degree of fibrosis increased. This may be the result of continuous activation of HSCs and myofibroblasts during hepatitis and synthesis of large amounts of ECM proteins. In chronic hepatitis, fibrotic extensions begin at the branching point of the preterminal portal tract bridging the neighboring portal area. They are the consequence of ECM deposition by a-SMA positive myofibroblasts and by the other cells located at the interface between the portal area and the parenchyma. In the mildest form of fibrosis a positive reaction to a-SMA was revealed in the connective tissue of portal triads and perisinusoidal cells. Livers with moderate to severe fibrosis showed numerous a-SMA positive cells in the portal triads, fibrotic septa, and stroma surrounding regenerative nodules, interpreted as activated myofibroblasts.
The presented results support an essential role of HSCs and myofibroblasts in the development of hepatic fibrosis in cats with terminal stage of pericholangitis.
